The prickly pear is a cactaceae that have chemical compounds that act as natural antioxidants. In addition, the prickly pear is a plant widely used in semiarid region as it's considered very important forage for animal feed, especially in the dry season. The objectives of this research were to characterize the main classes of phytochemicals, determine the phenols content, flavonoids and anthocyanins and evaluate the antioxidant activity of the prickly pear cultivars Opuntia and Nopalea grown in the semiarid region of Pernambuco in two collection periods (dry and rainy). In the work crude ethanol extracts from cladodes of cultivars (IPA-20, Elephant Ear Mexican, F-08, V-19, Small palm, F-21 and IPA-Sertânia) were used. As for the class of phytochemical compounds from ethanol extract only the flavonoids and steroids were detected in all prickly pear cultivars, in both periods analyzed. The content of phenolic compounds ranges from 1.24 to 5.41 mg GAE g -1 DM, flavonoids 0.90 to 3.43 mg QE g -1 DM, anthocyanins from 0.05 to 0.34 µg QE 100 g -1 DM and antioxidant activity 39.59 to 217.17 µM TEAC g -1 DM. The occurrence of chemical variability and antioxidant activity were observed, both among the botanical cultivars studied and among the collection periods.
Introduction
The Opuntia spp. and Nopalea spp. are grown in the semiarid region of northeastern Brazil, as basic food support of ruminants, especially in the dry season. It is estimated that the area of species Opuntia ficus indica and Nopalea cochenillifera cultivated in Brazil is 600.000 ha. This region is characterized by having a high index of annual evaporation, approximately 2,000 mm, and an average of 750 mm rainfall, concentrated in a period of three to five months (Araújo et al., 2005) .
The prickly pear is a cactaceous adapted to drought conditions, it has morphophysiological mechanisms which absorb water of little rainfall and reduce water loss by transpiration. Thus, by virtue of these characteristics, it is adapted to arid and semiarid zones, where water is a limiting factor in agricultural production and livestock (Oliveira et al., 2010) .
In recent years the interest in chemical studies associated with prickly pear cladodes has increased, studies have revealed that the antioxidant activity of aqueous extracts is attributed mainly to phenols and flavonoids (Guevara-Figueroa et al., 2010; Santos-Zea et al., 2011; Astello-García et al., 2015) .
The species of the genus Opuntia and Nopalea presents a broad genetic diversity, thus there is a need to characterize the cultivars grown in the northeastern region of Brazil in order to get phytochemical information and bioactive properties (Alves et al., 2016a) . The objectives of this research were to characterize the main classes of phytochemicals, determine the content of phenols, flavonoids and anthocyanins and evaluate the antioxidant activity of prickly pear cultivars of the Opuntia and Nopalea genres grown in semiarid region of Pernambuco in two collection periods (dry and rainy).
Materials and methods

Plant material
In the present research, three year old cladodes of the cultivars of prickly pear were collected in the experimental station of the Agronomic Institute of Pernambuco (IPA), located in the county of Arcoverde-PE, Brazil. The materials used are listed in Table 1 .
Secondary and tertiary cladodes of each cultivars were collected in the dry and rainy period, from six plants, at 8:00 am. After collection, the material was cleaned, weighed, cut into small pieces (2-3 cm long) and dried in a forced-air oven at 55 °C, where it remained for 72 hs until constant weight. The dried (Alves et al., 2016b) .
Ethanol extraction
The extraction of the dry and crushed material (10 g) was performed with 95% ethanol at room temperature, covering the entire sample with the solvent following methodologies described in Alves et al. (2016b) .
Phitochemical prospecting
For the identification of alkaloids, steroids, tannins, flavonoids and saponins was used sample of crude ethanolic extract (1 mg) following methodologies described in Alves et al. (2016b) .
Determining total phenolics content
The total phenolics content was determined in crude ethanol extracts in triplicate by spectrophotometric method using the Folin-Ciocateau reagent (Gulcin et al., 2004) , with changes in dosages. Initially, an aliquot of 300 µL of the extract (5 mg mL -1 in ethanol) was transferred into test tubes, to which 60 µL of Folin-Ciocalteu reagent along with an aliquot of 2,460 µL of distilled water were added and stirred for 60 s. Then 180 µL of Na 2 CO 3 15% solution was added and stirred again for 30 s, resulting in a final solution of 0.5 mg mL -1 . The reaction mixture was allowed to stand for 30 min at 45 °C in the absence of light. The reading of absorbance at 760 nm was recorded employing a Shimadzu  UV-VIS spectrophotometer UV-2550. A standard curve with gallic acid (1 to 15 µg mL -1 ) was obtained under the same conditions. The results were expressed in mg of GAE (gallic acid equivalent) per gram of dry mass (mg GAE g -1 DM).
Determining the total flavonoid content
The total flavonoids content was determined in the raw ethanol extracts, in triplicate, by the method described by Pereira et al. (2009) , with changes in dosages. Initially, 5 mL aliquot of the extract (2 mg mL -1 in methanol) was transferred to 10 mL volumetric flasks and 0.5 mL of 2% aluminum chloride methanolic solution were added and the volume completed with 5% acetic acid methanolic solution, for 30 min at room temperature in the absence of light. The reading of absorbance at 425 nm was recorded employing a UV-VIS spectrophotometer Femto  model 700 plus. A standard curve with quercetin (1 to 200 µg mL -1 ) was obtained under the same conditions. The results were expressed in mg of QE (quercetin equivalent) per gram of dry mass (mg QE g -1 DM).
Determining the total Anthocyanin content
The anthocyanin content was determined in crude ethanolic extract in triplicate by the method described by Lemos (2008) . In a 50 mL Erlenmeyer flask a foil coated sample of 0.5 g (crude extract) in 20 mL of extraction solution (95% ethanol in 1.5 mol.L -1 HCl) (85:15, v.v -1 ) were homogenized and stored for 18 hs at 4 °C. Samples were completed with the extraction solution for volumetric flasks of 25 mL, coated with aluminum foil and the reading of absorbance at 535 nm was recorded using a spectrophotometer UV-vis from Femto  , model 700 plus. The results were expressed in µg of (QE) (quercetin equivalent) per 100 gram dry weight (µg QE. 100 g -1 DM).
To quantify the total anthocyanins, the following Formula 1 was used:
Total anthocyanins µg of QE g
where: A535 = absorbance at 535 nm; Ē = 765 (molar extinction coefficient for Quercetin 1%) at 535 nm; Fd = Dilution factor.
Determination of total antioxidant activity
The ability to scavenge the radical 2,2'-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid ABTS ■+ ) was determined according to the method described by Rufino et al. (2007) . The radical ABTS ■+ is generated from the reaction of the aqueous solution of ABTS (7 mmol.L -1 ) with potassium persulfate (140 mmol.L -1 ). The solution was kept from light, at room temperature for 16 hs. Then the solution was diluted with ethanol until absorbance of 0.70 ± 0.05 nm at wavelength of 734 nm. The concentrations of 200, 300 and 400 mg L -1 of the ethanol extracts were added to the ABTS ■+ solution, and the absorbance recorded after 6 min in a UV-vis spectrophotometer from Femto  , model 700 plus. The antioxidant activity was calculated relative to the antioxidant Trolox activity (6-hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic acid), under the same conditions, and the results expressed in equivalent antioxidant Trolox capacity (µmol.L -1 TEAC g -1 DM).
Statistical analysis
The experimental design utilized was randomized blocks, with seven treatments, represented by the cultivars with three replications. The experimental plots consisted of two plants. The analysis were performed in triplicate and results were expressed in mean ± standard deviation. After analysis of data variance, means were compared by the Scott-Knott test at 5% probability using the program Assistat  7.7 beta (Silva & Azevedo, 2009 Abiotic stresses (drought, salinity, heat, ultraviolet radiation) are the main environmental factors that negatively affect the growth and development of cultures in semiarid regions of the world (Ramakrishna & Ravishankar, 2011) . Furthermore, the biotic stress (attack by fungi, bacteria, viruses, nematodes, mites, animals) can also cause reduction in the growth and development of cultures in these regions. Thus, for the plants to survive in these regions they developed structures based on anatomical features and/or chemical related biologically diverse molecular mass of active compounds (Soares & Machado, 2007) .
The secondary metabolites of the class of phenolic compounds, terpenes and nitrogen compounds act to protect against damage caused by pests and environmental stresses. These molecules act as toxic and repellent substances for pests, besides they act in the osmotic adjustment and protection against reactive oxygen species (ROS), furthermore they act in the stabilization of cell membranes and proteins of plant exposed to abiotic stresses (Ramakrishna & Ravishankar, 2011; Rodziewicz et al., 2014) . So the greater production and/or accumulation of phenolic compounds was observed in the rainy period as a way to protect the plant against water stress in the dry period, and protect the plant against the attack of the carmine cochineal (Dactylopius opuntiae) that is a pest that is decimating the palms in the states of Pernambuco, Paraíba, Rio Grande do Norte and Ceará (Lima et al., 2011) .
Phenolic content and total flavonoids
The results of the phenolic content and total flavonoids of prickly pear cultivars are presented in Figure 1 . The content of phenolic compounds in the prickly pear cladodes varied significantly between cultivars and between periods of material collection. In dry period the values ranged from 1.24 mg GAE g 3 Results and discussion
Phytochemical prospecting
The phytochemical prospecting of cultivars of prickly pear during the dry and rainy period are presented in Table 2 . The flavonoids and steroids was detected in all cultivars in the dry and rainy period. The tannins was detected in V-19 cultivate in the dry period, and in cultivars IPA-20, Elephant Ear Mexican, IPA-Sertânia in the rainy period.
The presence of flavonoids, steroids and tannins on cladodes of prickly pear (Opuntia spp.) was reported by Brás (2011) , Bari et al. (2012) , Mendez et al. (2012) and Soares (2012) , collaborating with our results.
In addition to the detection of tannins and flavonoids, Bari et al. (2012) and Mendez et al. (2012) detected the presence of saponins and alkaloids. Therefore was used several reagents for the detection of alkaloids in the samples. Since, many alkaloids precipitate in reactions involving inorganic ions and sometimes the reaction with a specific ionic reagent is not sufficient to detect your presence (Desoti et al., 2011) . The non-detection of these classes of phytochemical compounds in Opuntia cladodes is probably related to temperature-time damage in the chemical composition of the samples, once the cladodes were dried at 55 °C for 72 hs. Some studies report the effect of temperature-time on the degradation of phytochemical compounds (Palermo et al., 2014) .
The prospecting for tannins and flavonoids of the prickly pear cultivars possibly indicate variability between the genotypes and collection periods, since the intensity of the color was different between the genotypes and collection periods ( Table 2 ). The response of the cultivars to the flavonoids was more intense in the rainy period, except V-19, which obtained the highest amount of flavonoids in the dry period. 
(2.00 to 9.80 mg QE g -1 DM) and Bari et al. (2012) researching O. monacantha (4.44 mg QE g -1 DM).
Unlike the phenolics the flavonoids among the cultivars was higher in the dry period, except for F-08 and small palm which had higher values in the rainy period. This variation was 7.5% (small palm) to 51.4% (V-19) (Figure 1 ).
The total phenols and flavonoids in plants have a wide range, both in composition and content, and vary between species and within species. The factors that contribute to these differences in the Opuntia genus are genetic variability and edafoclimatic conditions (Bari et al., 2012; Santos-Zea et al., 2011) .
The prickly pear cultivars of the genus Opuntia and Nopalea used in this work were grown under the same edafoclimatic conditions, then the differences in the amount of secondary metabolites (phenolic compounds) should be related to each species biochemical characteristics. Astello-García et al. (2015) also reported differences in the accumulation of total phenolic contents of fifteen cultivars of five Opuntia species, with varied domestication gradients. This variation occurred among the botanical cultivars and among the species studied, and was dependent of the biochemical characteristics of each species, since these plants were grown in identical edafoclimatic conditions. The significant differences between the cultivars was expected, considering that it comes from plant materials which have different phenotypic characteristics. The difference between the collection periods (dry and rainy) for flavonoids and phenolic compounds in tomato cultivars (Solanum lycopersicum) was reported by Sánchez-Rodríguez et al. (2011 , 2012 . The total phenolic compounds in tomato cultivars are higher in period rainy, while total flavonoid are superior in period dry, corroborating with the results found in this work.
The flavonoids are commonly classified by Sánchez-Rodríguez et al. (2012) as "environmental compounds" as they are produced in response to environmental conditions (ultraviolet light, water stress, salt stress, low temperatures, nutrient deficit and in rainy period ranged from 1.99 mg GAE g -1 (IPA-Sertânia) to 5.41 mg GAE g -1 DM (F-21) (Figure 1b) .
The values found in this work for total phenolics are above those described by Santos-Zea et al. (2011) Bensadón et al. (2010) , is probably related to the effect of temperature-time of drying of the material on the degradation of chemical compounds (Palermo et al., 2014) .
In the rainy period the content of phenolic compounds among the cultivars (Figure 1 ) was superior to the dry period values, ranging from 44% (small palm) to 157% (F-08). The variation of phenolic compounds between the collection period or season (spring, summer and winter) in O. ficus indica (variety Aissa) and O. megacantha (variety Achefri), grown in Ouled Dlim (Marrakech, Morocco), was reported by Boutakiout et al. (2017) . The authors reported that the content of phenolic is higher in the summer (dry period). leaves, roots, stems, fruits and flowers (Lemos, 2008) . In literature there are no studies related to quantification of total anthocyanins in the genus Opuntia. In this genre the betalains, secondary metabolites of the alkaloid class, are often cited, with the same extraordinary range of colors ranging from lime green, orange, red purple (Yahia & Mondragon-Jacobo, 2011) .
Total antioxidant activity
The results of determination of the antioxidant activity of prickly pear cultivars in dry and rainy periods are in Figure 3 . The total antioxidant activity in prickly pear cladodes varied significantly between the cultivars and between periods of material collection. In the dry period, the values ranged (N, K, P, S, Mg and Fe), high CO 2 levels). Tavarini et al. (2011) describe that water stress induces increased synthesis of phenolic compounds in peach (Prunus persica) fruits.
However, the availability of water increases the phenolic compounds in tomato cultivars (Barbagallo et al., 2008) and barley (Bandurska et al., 2012) . The mechanisms that regulate this influence are not completely clear, and there is variability in responses between species and cultivars.
Most studies report that the content of total phenolic compounds is greater than the total flavonoids, since the flavonoids correspond to a class of phenolic compounds. These results differ from those described in the literature since the flavonoid content in the dry period exceeded those of the phenolic compounds, for most cultivars studied. Potentially the phenolic compounds from the group of flavonoids are the molecules most produced when plants are under drought stress.
Studying Opuntia spp. Guevara-Figueroa et al. (2010) , Santos-Zea et al. (2011) and Bari et al. (2012) highlighted the cultivars (Blanco, Tapon-I, Tapon-II, Jalpa, Gavia, Villanueva) as having higher total flavonoid content in relation to the total phenolic, confirming the results presented in this work.
The flavonoid biosynthesis, isoflavones and anthocyanins are stimulated by environmental stresses, mainly drought. The flavonoids have a protective function in plants exposed to water stress, because of its antioxidant properties by eliminating ROS and maintain turgor and stabilize cell membranes and proteins (Rodziewicz et al., 2014) . The oxidation products of flavan-3-ols (flavanols) is increased under drought stress in Camellia sinensis (Hernández et al., 2006) . Furthermore, the water stress increases the level of quercetin, rutin, and 1-5-dihidroxixantona in Hypericum brasiliense. The increase of these compounds probably indicates a response to the generation of ROS caused by water stress (Abreu & Mazzafera, 2005) .
Total anthocyanin content
The contents of anthocyanins in the prickly pear cultivars in dry and rainy periods are presented in Figure 2 . Significant variation of the contents of anthocyanin was observed among cultivars and between periods of material collection is observed. In the dry period, the values ranged from 0.05 µg QE 100 g Contrary to what happened to the total flavonoids, the anthocyanin content was superior for all cultivars in the rainy period, except for V-19, the cladodes stood out in this determination compared to the other treatments, reaching the highest levels of anthocyanins in the dry period. This variation was 29.4% (IPA-20) to 271.4% (F-21) (Figure 2 ). Generally the reduction in water addition increases the content of phenolic compounds and anthocyanins in plants, since these molecules act against water stress (Bandurska et al., 2012) .
Anthocyanins, secondary metabolites of the flavonoid class are responsible for color ranging from red to violet and white to light yellow. They can be found in all plant tissues, including Means followed by the same letter in black or white columns do not differ statistically from each other. Scott-Knott test at 5% probability was applied. The bars represent the mean (n = 3) ± standard deviation. Means followed by the same letter in black or white columns do not differ statistically from each other. Scott-Knott test at 5% probability was applied. The bars represent the mean (n = 3) ± standard deviation.
isoprene, carbohydrates, and enzymes such as superoxide dismutase (SOD), glutathione reductase (GR), glutathione peroxiase (GPX), peroxiredoxin (PRXR), catalase (CAT), ascobarte peroxidase (APX), reductase monodehidroascorbate (MDHAR), dehydroascorbate reductase (DHAR), polyphenol oxidase (PPO) (Corral-Aguayo et al., 2008; Ferreira et al., 2010; Soares & Machado, 2007; Yahia & Mondragon-Jacobo, 2011; Zhong et al., 2010) .
In this work the antioxidant activity was determined in crude ethanolic extracts, as the individual contribution of phenolic compounds, flavonoids and anthocyanins could not be differentiated. There are several reports of the antioxidant capacity of fruits and prickly pear cladodes, correlating them with the bioactive compounds (vitamins, polyphenols, carotenoids, betalains, anthocyanins, tocopherols, carbohydrates), but the results are not consistent, some researchers report positive correlations and others find no correlation with some these bioactive compounds. Possibly the results of correlations diverge due to the different methods used in the drying and extraction of chemical compounds the sample, difference maturation stages of the sample collected, genotypic divesity of the cultivars used in the studies, edafoclimatic variation of the collection sites, among others factors.
This work help in the selection of prickly pear cultivars more nutritious. Besides that, this work contributes as reference material for addition of prickly pear cladodes in the diet as functional foods. However, more researches need to be carried to identify and quantify other bioactive molecules and correlate them with the antioxidant capacity.
Conclusions
Both the Opuntia and Nopalea genres contain flavonoids and steroids independent of the cultivars or the period (dry and rainy).
The phenolic compounds, flavonoids, anthocyanins and total antioxidant activity in cladodes of both genres vary among cultivars and between the dry and rainy periods. (Figure 3 ).
The antioxidant capacity among the cultivars was higher in the rainy period, except for V-19, which had the highest value in the dry period. Despite the difference found between the periods in relation to the antioxidant capacity, this variation was not significant between the Elephant Ear Mexican cultivars and V-19. In general, the variation in antioxidant capacity between the periods was 6.7% (V-19) at 296.8% (F-21) (Figure 3 ). DM for cladodes. Like this work, the authors found positive correlations between antioxidant activity and phenolic content. Moreover, these authors reported that some cultivars with high total phenols values do not have the same response in the antioxidant capacity (Figure 4a) . The difference is probably due to the high content of sugars and ascorbic acid found in the prickly pear cladodes, which interfere with the reaction of oxidation-reduction between the Folin and phenolic compounds.
In this work no positive correlations between total flavonoid and total antioxidant capacity ( Figure 4b ) were found. Potentially the majority flavonoids in the extract were in the glycosidic form, with carbohydrate fractions bound to hydroxyl group at C-3, thus losing its antioxidant activity when glycosylated, especially at C-3 (Santos-Zea et al., 2011).
Among the notable properties of polyphenols are their antioxidant activity and free radical scavenging. However, the antioxidant capacity of a food is cumulative, and acts synergistically with vitamins (ascorbic acid), polyphenols, carotenoids, betalains, anthocyanins, tocopherols, coumarins, alkaloids, phenolic acids, non-protein amino acids, sesquiterpenes, 
